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(54) MONITORING DEVICE FOR FUEL INJECTION QUANTITY CONTROL DEVICE

(57) A microcomputer determines a presence of an
abnormality of a fuel injection quantity control device
based on a comparison between a required injection
quantity as a command value for the amount of a fuel
injected from an injector in one engine cycle and a total
monitor injection quantity as a total value of monitor in-
jection quantities obtained from an energization time
monitor value of the injector for each fuel injection in the
one engine cycle. The microcomputer removes a mi-

cro-injection correction amount from the monitor injection
quantity when the monitor injection quantity is below a
determination value and executes a removal processing
in which the removal of the micro-injection correction
amount from the monitor injection quantity is not per-
formed when the monitor injection quantity is at least the
determination value. The total value of the monitor injec-
tion quantities after the removal processing is regarded
as the total monitor injection quantity.
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Description

1. Field of the Invention

[0001] The invention relates to a monitoring device for
a fuel injection quantity control device.

2. Description of Related Art

[0002] In an engine that is mounted in a vehicle or the
like, a fuel injection quantity control for engine output ad-
justment is performed through a fuel injection quantity
control device. This fuel injection quantity control device
is provided with an injector that injects a fuel supplied to
the engine and a control unit that drives the injector. The
fuel injection quantity control device calculates an injec-
tion quantity command value as the amount of the fuel
required to be injected from the injector in one engine
cycle based on an engine operation state and performs
the injection of the fuel equivalent in amount to the injec-
tion quantity command value by energization of the in-
jector. With regard to the execution of the fuel injection
equivalent in amount to the injection quantity command
value, it is conceivable that the fuel injection is performed
by being divided into a main injection and a sub injection
(pilot injection, after-injection, and the like) that is a fuel
injection smaller in amount than the main injection.
[0003] Japanese Patent Application Publication No.
2013-238203 discloses a monitoring device that moni-
tors the presence or absence of an abnormality of the
fuel injection quantity control device. This monitoring de-
vice calculates a monitor injection quantity as the amount
of the fuel that is actually injected based on an energiza-
tion time monitor value of the injector for each fuel injec-
tion and determines the presence or absence of the ab-
normality of the fuel injection quantity control device
based on a comparison between a total value of the mon-
itor injection quantities after the one cycle of the engine
and the injection quantity command value. In other
words, the fuel injection quantity control device is deter-
mined to be abnormal when the total value of the monitor
injection quantities and the injection quantity command
value significantly diverge from each other. In some cas-
es, a correction that is equivalent to a predetermined cor-
rection amount is added to each of the amount of the fuel
injected by the main injection and the amount of the fuel
injected by the sub injection, examples of the correction
including a correction for removing a deviation of the fuel
injection quantity from an appropriate value which is at-
tributable to an individual difference between the injec-
tors. In this case, the correction amount is removed from
the monitor injection quantity that is calculated for each
fuel injection, and then the total value of the monitor in-
jection quantities in one engine cycle is calculated. Then,
the total value and the injection quantity command value
are compared to each other.

SUMMARY OF THE INVENTION

[0004] When the amount of the fuel that is injected from
the injector is very small, that is, when the energization
time of the injector for each fuel injection is very short, a
relationship between structures of the injectors might
cause the amount of the fuel injected with respect to the
energization time to have an unintended value. As a cor-
rection thereagainst, a micro-injection correction is add-
ed to the energization time command value for the injec-
tor during the execution of the sub injection. The micro-
injection correction is not added to the energization time
command value for the injector during the execution of
the main injection.
[0005] In a case where the micro-injection correction
is added only to the energization time command value
for the injector during the execution of the sub injection
and is not added to the energization time command value
for the injector during the execution of the main injection
as described above, the determination of the presence
or absence of the abnormality of the fuel injection quantity
control device by the monitoring device might be ham-
pered.
[0006] Specifically, when the monitor injection quantity
is calculated based on the energization time monitor val-
ue of the injector for each fuel injection, only a rise and
fall in a current that flows through the injector is detected,
and thus it is impossible to discern whether the energiza-
tion at that time is because of the main injection or be-
cause of the sub injection and it is impossible to discern
whether the calculated monitor injection quantity is that
during the sub injection or that during the main injection
when the monitor injection quantity is calculated based
on the energization time monitor value of the injector for
each fuel injection. Accordingly, it is difficult to remove
the amount of the micro-injection correction from the
monitor injection quantity that is calculated during the
sub injection.
[0007] Since it is difficult to remove the micro-injection
correction amount from the monitor injection quantity that
is calculated during the sub injection as described above,
the total value of the monitor injection quantities in the
one cycle of the engine continues to be affected by the
micro-injection correction. As a result, a result of the de-
termination of the presence or absence of the abnormal-
ity of the fuel injection quantity control device based on
the comparison between the total value of the monitor
injection quantities and the injection quantity command
value might be prone to an error.
[0008] The invention provides a monitoring device for
a fuel injection quantity control device that is capable of
suppressing an error relating to a result of a determination
of the presence or absence of an abnormality of the fuel
injection quantity control device.
[0009] According to an aspect of the invention, there
is provided a monitoring device for a fuel injection quantity
control device, the fuel injection quantity control device
including an injector configured to inject a fuel supplied
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to an engine and a control unit configured to i) drive the
injector, ii) calculate an injection quantity command value
as the amount of the fuel required to be injected from the
injector in one cycle based on an engine operation state,
iii) execute the injection of the fuel equivalent in amount
to the injection quantity command value by energization
of the injector such that the fuel injection is divided into
a main injection and a sub injection and executed, the
sub injection being the injection of the fuel smaller in
amount than the main injection, and iv) add a micro-in-
jection correction to an energization time command value
for the injector for performing the sub injection, the mon-
itoring device including an electronic control unit config-
ured to i) calculate monitor injection quantities as the
amounts of the fuel actually injected by the main injection
and the sub injection based on an energization time mon-
itor value of the injector for each of the main injection and
the sub injection, ii) execute a correction processing for
the monitor injection quantity such that the amount of the
micro-injection correction is removed from the monitor
injection quantity when the monitor injection quantity is
below a determined determination value and the removal
of the micro-injection correction amount from the monitor
injection quantity is not performed when the monitor in-
jection quantity is at least the determination value, and
ii) execute a correction processing for the monitor injec-
tion quantity such that the amount of the micro-injection
correction is removed from the monitor injection quantity
when the monitor injection quantity is below a determined
determination value and the removal of the micro-injec-
tion correction amount from the monitor injection quantity
is not performed when the monitor injection quantity is
at least the determination value, and iii) determine a pres-
ence or absence of an abnormality of the fuel injection
quantity control device based on a comparison between
a total value of the monitor injection quantities after the
correction processing in the one cycle of the engine and
the injection quantity command value.
[0010] According to this aspect, the micro-injection
correction is added only to the energization time com-
mand value for the injector for performing the sub injec-
tion having a smaller fuel injection quantity. Accordingly,
it can be estimated, based on a magnitude of the monitor
injection quantity calculated for each fuel injection,
whether the fuel injection correlated with the monitor in-
jection quantity is the sub injection in which the micro-
injection correction is added to the energization time
command value for the injector or the main injection in
which the micro-injection correction is not added to the
energization time command value for the injector. In a
case where it is highly probable that the monitor injection
quantity calculated for each fuel injection is at least the
determination value and the fuel injection correlated with
the monitor injection quantity is the main injection, the
removal of the micro-injection correction amount from
the monitor injection quantity is not performed. In a case
where it is highly probable that the monitor injection quan-
tity calculated for each fuel injection is below the deter-

mination value and the fuel injection correlated with the
monitor injection quantity is the sub injection, the removal
of the micro-injection correction amount from the monitor
injection quantity can be performed. Then, an effect that
the micro-injection correction has on the total value of
the monitor injection quantities after the processing by
the correction removing unit in the one cycle of the engine
can be inhibited from remaining, and an erroneous de-
termination of the presence or absence of the abnormal-
ity of the fuel injection quantity control device that is at-
tributable to the effect can be suppressed.
[0011] The electronic control unit may be configured
to determine that the fuel injection quantity control device
is abnormal based on the total value of the monitor in-
jection quantities after the correction processing in the
one cycle of the engine and the injection quantity com-
mand value diverging from each other by a margin of at
least a predetermined value.
[0012] In a case where the sub injection is performed
at least twice in one engine cycle, the fuel injection equiv-
alent in amount to the injection quantity command value
is performed by being divided into the main injection and
the sub injections performed at least twice. When the sub
injection is performed at least twice as described above,
it is even more difficult to discern whether the monitor
injection quantity calculated based on the energization
time monitor value for the injector for each fuel injection
is that pertaining to the main injection or that pertaining
to the sub injection. However, even in such a situation,
the micro-injection correction amount can be removed
from the monitor injection quantity in a case where it is
highly probable that the monitor injection quantity for
each fuel injection is attributable to the sub injection.
[0013] The electronic control unit may be configured
to i) determine that the monitor injection quantity pertains
to the sub injection when the calculated monitor injection
quantity is below the determination value, and ii) deter-
mine that the monitor injection quantity pertains to the
main injection when the calculated monitor injection
quantity is at least the determination value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a schematic diagram illustrating configura-
tions of a monitoring device for a fuel injection quan-
tity control device and a fuel supply system for an
engine to which the device is applied;
FIG. 2 is a drawing illustrating a fuel injection quantity
control by the fuel injection quantity control device
and a flow of a processing relating to a monitoring
of the device;
FIG. 3 is a time chart illustrating transitions of a crank
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angle signal, a command signal, an injection rate,
and an injection monitor signal and an interrupt tim-
ing of each processing that is performed by the mon-
itoring device of this embodiment;
FIG. 4 is a flowchart illustrating a processing proce-
dure of a total monitor injection quantity calculation
routine by the monitoring device;
FIG. 5 is a graph illustrating a relationship of an en-
ergization time monitor value INJM and an injection
pressure Pcrinj to a monitor injection quantity QM;
FIG. 6 is a flowchart illustrating a processing proce-
dure of an abnormality determination routine by the
monitoring device; and
FIG. 7 is a time chart illustrating the transitions of the
command signal, the injection rate, and the injection
monitor signal.

DETAILED DESCRIPTION OF EMBODIMENTS

[0015] Hereinafter, an embodiment of a monitoring de-
vice for a fuel injection quantity control device will be de-
scribed with reference to FIGS. 1 to 7. FIG. 1 shows a
fuel supply system for a diesel engine to which the fuel
injection quantity control device of this embodiment is
applied. A fuel pump 11 is disposed in the fuel supply
system for this engine. The fuel pump 11 pressurizes and
discharges a fuel that is pumped up from a fuel tank 10.
A pressure-adjusting valve 12 for adjusting the pressure
of the discharged fuel is installed in the fuel pump 11.
The fuel that is discharged by the fuel pump 11 is pumped
to a common rail 13 and is stored therein. Then, the fuel
that is stored in the common rail 13 is distributed and
supplied to injectors 14 of respective cylinders. A pres-
sure-reducing valve 15 is arranged in the common rail
13. The pressure-reducing valve 15 lowers the pressure
of the fuel in the common rail 13 (rail pressure) by allowing
the fuel in the common rail 13 to return to the fuel tank 10.
[0016] The engine that is provided with the fuel supply
system is controlled by an electronic control unit (ECU)
20. The electronic control unit 20 is provided with a mi-
crocomputer 21 that performs various types of calculation
processing relating to the engine control. In addition, the
electronic control unit 20 is provided with an electronic
driving unit (EDU) 23 that drives the injectors 14 of the
respective cylinders in response to a command from the
microcomputer 21. In addition, a drive circuit 24 is dis-
posed in the electronic control unit 20. The drive circuit
24 drives the pressure-adjusting valve 12 and the pres-
sure-reducing valve 15 in response to a command from
the microcomputer 21. When the injectors 14 are driven
through the microcomputer 21 and the EDU 23, the elec-
tronic control unit 20 functions as a control unit for driving
the injectors 14.
[0017] Detection signals of an accelerator position
sensor 26 that detects an accelerator operation amount
Accp, a water temperature sensor 27 that detects an en-
gine water temperature Thw, a rail pressure sensor 28
that detects a rail pressure Pcr, a crank angle sensor 29

that outputs a pulsed crank angle signal in response to
a rotation of an engine output shaft, and the like are input
to the electronic control unit 20. The detection signals of
the accelerator position sensor 26, the water temperature
sensor 27, and the rail pressure sensor 28 are input to
the microcomputer 21 after being converted into digital
signals by an AD converter (ADC) 25 that is arranged in
the electronic control unit 20. The crank angle signal that
is output by the crank angle sensor 29 is directly input to
the microcomputer 21.
[0018] A fuel injection quantity control that is performed
as a part of the engine control through the electronic con-
trol unit 20 will be described in detail below. As illustrated
in FIG. 2, the microcomputer 21 performs the processing
of a fuel injection quantity control routine R1 during the
fuel injection quantity control. The fuel injection quantity
control routine R1 consists of a required injection quantity
calculation processing P2, an injection quantity division
processing P3, and an energization time calculation
processing P4.
[0019] In the required injection quantity calculation
processing P2, a required injection quantity Qfin is cal-
culated as an injection quantity command value, which
is the amount of the fuel that should be injected from the
injectors 14 in one engine cycle, based on an engine
rotation speed Ne, the accelerator operation amount Ac-
cp, and the like. In the first step of the calculation of the
required injection quantity Qfin, a base injection quantity
Qbse is calculated from the engine rotation speed Ne
and the accelerator operation amount Accp. The calcu-
lation of the base injection quantity Qbse is performed
based on a map for the base injection quantity calculation
that is stored in the microcomputer 21. A relationship of
the engine rotation speed Ne and the accelerator oper-
ation amount Accp to the base injection quantity Qbse is
stored in this map. The required injection quantity Qfin
is calculated by a correction in accordance with the en-
gine water temperature Thw and the like being applied
to the calculated base injection quantity Qbse.
[0020] The engine rotation speed Ne is calculated
through a rotation speed calculation processing P1. In
the rotation speed calculation processing P1, the engine
rotation speed Ne is calculated based on the crank angle
signal that is input from the crank angle sensor 29.
[0021] In the injection quantity division processing P3,
the required injection quantity Qfin is allocated to the re-
spective ones of a pilot injection, a main injection, and
an after-injection, and an injection quantity (required val-
ue) of each of the injections is determined thereby.
Among these injections, the pilot injection and the after-
injection are sub injections each having a fuel injection
quantity smaller than that of the main injection. The
number of divisions of the fuel injection and distribution
ratios for the injection quantities of the respective injec-
tions are determined in accordance with an engine op-
erating situation at that time. In this example, the sub
injection such as the pilot injection and the after-injection
is performed at least twice in one engine cycle.
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[0022] Each of the pilot injection, the main injection,
and the after-injection is affected by a pulsation of the
rail pressure Pcr by the immediately preceding injection,
and thus a correction for removing the effect (undulation
correction) is executed. This undulation correction is re-
alized by an undulation correction term H prepared for
the injection quantity (required value) of each injection
being added to the required value. The manner in which
the pulsation occurs depends on the injection quantity of
the immediately preceding injection, and thus the undu-
lation correction terms H that are correlated with the in-
jection quantities (required values) of the respective in-
jections are set in accordance with the injection quantities
(required values) of the immediately preceding injec-
tions.
[0023] In the energization time calculation processing
P4, an energization time command value Tau is calcu-
lated as a command value for drive current energization
time for the injectors 14 regarding each injection such
that the injection quantity (required value) of each injec-
tion after the addition of the undulation correction is ob-
tained. The energization time command value Tau for
each injection is obtained based on the injection quantity
(required value) of each injection and the rail pressure
Pcr. Various types of corrections are added to the ener-
gization time command values Tau that are obtained in
this manner and correlated with the respective injections.
[0024] Specifically, an individual difference correction
for removing a deviation of the fuel injection quantity from
an appropriate value that is attributable to an individual
difference between the injectors 14 is added to each of
the energization time command values Tau correlated
with the respective injections such as the main injection,
the pilot injection, and the after-injection. The individual
difference correction is realized by an individual differ-
ence correction term H1 being added to each of the en-
ergization time command values Tau correlated with the
respective injections. The individual difference correction
term H1 is determined based on the energization time
(energization time command value Tau) during the real-
ization of the correlated injection and the rail pressure
Pcr during that injection.
[0025] In the sub injection such as the pilot injection
and the after-injection, the amount of the fuel that is in-
jected from the injectors 14 is very small. The energiza-
tion time of the injectors 14 should be very short for the
amount of the fuel that is injected from the injectors 14
to be very small as described above. In this case, a re-
lationship between structures of the injectors 14 might
cause the amount of the fuel injected with respect to the
energization time to have an unintended value. As a cor-
rection thereagainst, a micro-injection correction is add-
ed to the energization time command value Tau corre-
lated with the sub injection. The micro-injection correction
is realized by a micro-injection correction term H2 being
added to the energization time command value Tau cor-
related with the sub injection.
[0026] The micro-injection correction term H2 is a val-

ue that is learned through the following learning process-
ing in response to the aging of the injectors 14. This learn-
ing processing is carried out every time the traveling dis-
tance of a vehicle in which the engine is mounted increas-
es by a predetermined amount. Specifically, a very small
amount of the fuel is injected from the injectors 14 and a
fluctuation of the engine rotation speed Ne at that time
is monitored amid a deceleration of the vehicle and the
execution of an engine fuel cut. The micro-injection cor-
rection term H2 is increased or decreased in accordance
with the degree of divergence between the monitored
fluctuation of the engine rotation speed Ne and a refer-
ence state of the fluctuation, and the learning of the micro-
injection correction term H2 is performed through the in-
crease or decrease. The micro-injection correction term
H2 that is learned in this manner is stored in a non-volatile
memory of the microcomputer 21. The micro-injection
correction term H2 that is stored in the memory is used
in the micro-injection correction of the energization time
command value Tau correlated with the sub injection.
[0027] The microcomputer 21 sends the EDU 23 a
command of the energization time command value Tau
correlated with each injection after the addition of the
corrections described above. After receiving the com-
mand, the EDU 23 performs a command signal genera-
tion processing P5 for command signal generation based
on the energization time command value Tau for each
commanded injection. The command signal is generated
such that its signal level rises to a level at which an elec-
tromagnetic valve of the injector 14 can be opened with
an initiation of the energization and its signal level falls
to a level at which the opening of the valve cannot be
maintained as a result of a termination of the energiza-
tion. The generated command signal is output to the in-
jector 14 of the correlated cylinder.
[0028] The EDU 23 also performs a monitor signal gen-
eration processing P6. The monitor signal generation
processing P6 is to detect electric currents that flow
through the respective electromagnetic valves of the in-
jectors 14 and generate an injection monitor signal from
a result of the detection. The injection monitor signal is
generated as a pulsed signal that has a signal level of
"Lo" in a period when the electromagnetic valve of the
injector 14 is actually energized with a drive current and
has a signal level of "Hi" in a period when the electro-
magnetic valve of the injector 14 is energized with no
drive current. The generated injection monitor signal is
output to the microcomputer 21.
[0029] The microcomputer 21 performs a target rail
pressure calculation processing P7 for calculating a tar-
get rail pressure based on the engine rotation speed Ne
that is calculated in the rotation speed calculation
processing P1 and the required injection quantity Qfin
that is calculated in the required injection quantity calcu-
lation processing P2. Then, the microcomputer 21 carries
out a pump feedback (F/B) control processing P8 and a
pressure-reducing valve control processing P9 based on
the calculated target rail pressure and the actual rail pres-
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sure Pcr that is detected by the rail pressure sensor 28.
[0030] In the pump F/B control processing P8, a target
opening degree of the pressure-adjusting valve 12 is cal-
culated in accordance with a deviation between the target
rail pressure and the actual rail pressure Pcr. The calcu-
lated target opening degree is output to the drive circuit
24. Then, an adjustment of a discharge pressure of the
fuel pump 11 is performed by the drive circuit 24 driving
the pressure-adjusting valve 12 such that the target
opening degree is obtained.
[0031] In the pressure-reducing valve control process-
ing P9, an operation command for the pressure-reducing
valve 15 is output to the drive circuit 24 when the actual
rail pressure Pcr is higher than the target rail pressure.
The drive circuit 24 lowers the rail pressure Pcr by oper-
ating the pressure-reducing valve 15 in response to the
input of the operation command and discharging the fuel
from the common rail 13.
[0032] A monitoring routine R3 will be described below.
The monitoring routine R3 is to monitor whether or not
the fuel injection quantity control described above is nor-
mally performed. In the monitoring routine R3, it is deter-
mined whether or not the driving of the injectors 14 based
on the result of the calculation of the required injection
quantity Qfin is normally performed based on a compar-
ison between a total value of the amounts of the fuel
actually injected from the injectors 14 during the respec-
tive injections of one engine cycle and the required in-
jection quantity Qfin (injection quantity command value)
calculated by the microcomputer 21. When this determi-
nation is performed, the electronic control unit 20 plays
a role as a determination unit that determines the pres-
ence or absence of an abnormality of the fuel injection
quantity control device applied to the engine.
[0033] The monitoring routine R3 consists of an actual
energization time measurement processing P20, an in-
jection quantity conversion processing P21, and an ab-
normality determination processing P22. In the actual en-
ergization time measurement processing P20, the drive
current energization time of the injector 14 for each fuel
injection is measured as an energization time monitor
value INJM based on the injection monitor signal input
from the EDU 23. In the injection quantity conversion
processing P21, a monitor injection quantity is calculated
based on the measured energization time monitor value
INJM. The monitor injection quantity is a monitor value
of the amount of the fuel injected from the injector 14 for
each fuel injection. In the abnormality determination
processing P22, it is determined whether or not the driv-
ing of the injectors 14 based on the required injection
quantity Qfin is normally performed by the total value of
the monitor injection quantities in one engine cycle being
compared to the required injection quantity Qfin (injection
quantity command value) calculated in the fuel injection
quantity control routine R1.
[0034] The actual energization time measurement
processing P20 will be described in detail below. FIG. 3
shows an example of transitions of the crank angle signal,

the command signal, an injection rate of the injector 14,
and the injection monitor signal during the fuel injection.
When the signal level of the command signal that is out-
put from the EDU 23 to the injector 14 rises, the drive
current that flows through the electromagnetic valve of
the injector 14 rises, with a slight delay, to the level at
which the electromagnetic valve of the injector 14 can be
opened, and then the fuel injection is initiated as illustrat-
ed in FIG. 3. Then, the injection monitor signal that is
generated by the EDU 23 falls in response to the rise in
the drive current. As the signal level of the command
signal falls thereafter, the energization of the electromag-
netic valve of the injector 14 with the drive current is
stopped with a slight delay, and the fuel injection from
the injector 14 is stopped. Then, the injection monitor
signal rises in response to the stopping of the drive cur-
rent energization.
[0035] As illustrated in FIG. 3, the microcomputer 21
performs time uptake as an interrupt processing corre-
lated with the rise and fall in the injection monitor signal.
In other words, the microcomputer 21 acquires the times
of the initiation and termination of each injection based
on the injection monitor signal. Then, the microcomputer
21 calculates the drive current energization time for each
injection as the energization time monitor value INJM
from the times of the initiation and termination of each
injection.
[0036] The injection quantity conversion processing
P21 and the abnormality determination processing P22
are carried out, as a crank angle interrupt processing, in
a predetermined period following a complete termination
of the fuel injection in one engine cycle.
[0037] The injection quantity conversion processing
P21 will be described in detail below. The injection quan-
tity conversion processing P21 is performed through the
processing of a total monitor injection quantity calculation
routine that is illustrated in FIG. 4. The processing of this
routine is carried out by the microcomputer 21 as the
crank angle interrupt processing after the complete ter-
mination of the fuel injection from the injector 14 in one
engine cycle.
[0038] In Step 30 (S30), which is the first step following
the initiation of the processing of this routine, the injection
quantity for each injection is calculated as a monitor in-
jection quantity QM based on the energization time mon-
itor value INJM and the injection pressure Pcr (corre-
sponding to the rail pressure Pcr) for each injection as
illustrated in FIG. 4. In this case, the microcomputer 21
functions as a calculation unit for calculating the monitor
injection quantity QM. A calculation map that shows a
relationship of the energization time monitor value INJM
and the injection pressure Pcr to the monitor injection
quantity QM illustrated in FIG. 5 is stored in the micro-
computer 21. The calculation of the monitor injection
quantity QM is performed with reference to the calcula-
tion map.
[0039] In the subsequent step of S31, it is determined
whether or not the monitor injection quantity QM for each
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injection is below a determined determination value.
When it is determined in S31 that the monitor injection
quantity QM is below the determination value, the indi-
vidual difference correction term H1 and the micro-injec-
tion correction term H2 are subtracted in S32 from the
energization time monitor value INJM correlated with the
monitor injection quantity QM. When it is determined in
S31 that the monitor injection quantity QM is at least the
determination value, the individual difference correction
term H1 is subtracted in S33 from the energization time
monitor value INJM correlated with the monitor injection
quantity QM. The determination value is set to a value
at which the monitor injection quantity QM can be deter-
mined to pertain to the sub injection when the monitor
injection quantity QM is below the determination value
and the monitor injection quantity QM can be determined
to pertain to the main injection when the monitor injection
quantity QM is at least the determination value.
[0040] In the subsequent step of S34, the monitor in-
jection quantity QM is re-calculated by the use of the
energization time monitor value INJM calculated in S31
to S33. When the processing of S31 to S34 is performed,
the microcomputer 21 functions as a correction removing
unit that executes a processing for removing the amounts
of the corrections by the individual difference correction
term H1 and the micro-injection correction term H2 from
the monitor injection quantity QM (hereinafter, referred
to as a removal processing). In the processing (S31 to
S34) by the correction removing unit, the micro-injection
correction amount is removed from the monitor injection
quantity QM when the monitor injection quantity QM is
below the determination value and the removal of the
micro-injection correction amount from the monitor injec-
tion quantity is not performed when the monitor injection
quantity QM is at least the determination value.
[0041] Then, in S35, the monitor injection quantities
QM of the respective injections after the removal
processing in one engine cycle are added to each other,
and a value that is obtained by subtracting a total value
of the undulation correction terms H correlated with the
respective injections from the total value becomes a total
monitor injection quantity ΣQM. Then, the processing of
the current session of this routine is terminated.
[0042] The abnormality determination processing P22
will be described in detail below. The abnormality deter-
mination processing P22 is performed through the
processing of an abnormality determination routine that
is illustrated in FIG. 6. The processing of this routine,
which follows the processing of the total monitor injection
quantity calculation routine described above, is executed
by the microcomputer 21.
[0043] In S40, which is the first step following the initi-
ation of the processing of this routine, it is determined
whether or not the total monitor injection quantity ΣQM
that is calculated in the injection quantity conversion
processing P21 and the required injection quantity Qfin
that is calculated in the fuel injection quantity control rou-
tine R1 diverge from each other as illustrated in FIG. 6.

In this embodiment, only a case where the actual fuel
injection quantity exceeds an original quantity is regarded
as an abnormality requiring a fail-safe processing. Ac-
cordingly, herein, the divergence is determined to have
occurred in a case where the total monitor injection quan-
tity ΣQM exceeds the required injection quantity Qfin by
a margin of at least a predetermined value α.
[0044] In the event of no divergence (S40: NO), the
value of an abnormality detection counter C2 is cleared
in S41, and then the processing of the current session
of this routine is terminated. In the event of a divergence
(S40: YES), the value of the abnormality detection coun-
ter C2 is counted up in S42. Accordingly, the value of the
abnormality detection counter C2 gradually increases as
a state where the total monitor injection quantity ΣQM
and the required injection quantity Qfin diverge from each
other continues.
[0045] In a case where it is determined that the total
monitor injection quantity ΣQM and the required injection
quantity Qfin diverge from each other (S40: YES), it is
determined in S43 whether or not the abnormality detec-
tion counter C2 is at least a prescribed abnormality de-
termination value γ. When it is determined that the ab-
normality detection counter C2 is below the abnormality
determination value γ (S43: NO), the processing of the
current session of this routine is terminated as it is.
[0046] When it is determined that the abnormality de-
tection counter C2 is at least the abnormality determina-
tion value γ (S43: YES), an abnormality flag for determin-
ing the presence or absence of the abnormality of the
fuel injection quantity control device is set in S44, and
then the processing of the current session of this routine
is terminated. When the abnormality flag is set, the mi-
crocomputer 21 determines that the abnormality of the
fuel injection quantity control device is present. Then, the
microcomputer 21 pauses the cylinder subjected to the
abnormality as a fail-safe processing, that is, stops the
fuel injection for that cylinder.
[0047] An effect of the monitoring device for the fuel
injection quantity control device will be described below.
FIG. 7 shows the command signal regarding the ener-
gization of the injector 14, a change in the injection rate
(injection waveform) attributable to the energization of
the injector 14 based on the command signal, and a tran-
sition of the injection monitor signal based on the ener-
gization of the injector 14 pertaining to a case where the
pilot injection, the main injection, and the after-injection
are performed in one engine cycle.
[0048] As illustrated in FIG. 7, the correction by the
individual difference correction term H1 is added to each
of the energization time command value Tau for the in-
jector 14 pertaining to a case where the main injection is
performed and the energization time command value Tau
for the injector 14 pertaining to a case where the sub
injection such as the pilot injection and the after-injection
is performed. The correction by the micro-injection cor-
rection term H2, meanwhile, is added only to the ener-
gization time command value Tau for the injector 14 per-
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taining to a case where the sub injection such as the pilot
injection and the after-injection is performed and is not
added to the energization time command value Tau for
the injector 14 pertaining to a case where the main injec-
tion is performed.
[0049] During the determination of the presence or ab-
sence of the abnormality of the fuel injection quantity con-
trol device, the monitor injection quantity QM is calculated
based on the energization time monitor value INJM for
the injector 14 (refer to FIG. 7). During the measurement
of the energization time monitor value INJM for the cal-
culation of the monitor injection quantity QM, only the
rise and fall in the current that flows through the injector
14 is detected. Accordingly, during the measurement of
the energization time monitor value INJM, it is impossible
to discern whether the energization of the injector 14 dur-
ing the measurement is because of the main injection or
because of the sub injection and it is impossible to discern
whether the micro-injection correction term H2 is includ-
ed or not in the energization time monitor value INJM.
Accordingly, it is difficult to remove the amount of the
correction by the micro-injection correction term H2 from
the monitor injection quantity QM that is calculated based
on the energization time monitor value INJM during the
sub injection.
[0050] When it is impossible to remove the amount of
the correction by the micro-injection correction term H2
from the monitor injection quantity QM that is calculated
during the sub injection, the effect that the micro-injection
correction term H2 has on the total value of the monitor
injection quantities (total monitor injection quantity ΣQM)
in one engine cycle remains. As a result, a result of the
determination of the presence or absence of the abnor-
mality of the fuel injection quantity control device based
on the comparison between the total monitor injection
quantity ΣQM and the required injection quantity Qfin (in-
jection quantity command value) might be prone to an
error. As a result, the abnormality flag might be errone-
ously set when the fuel injection quantity control device
is normal, and the fail-safe processing might be unnec-
essarily executed. In addition, the abnormality flag might
not be set when the fuel injection quantity control device
is actually abnormal and a necessary fail-safe processing
might not be executed.
[0051] The correction equivalent to the micro-injection
correction term H2 is added only to the energization time
command value Tau for the injector 14 for performing the
sub injection having a smaller fuel injection quantity and
is not added to the energization time command value
Tau for the injector 14 for performing the main injection
having a larger fuel injection quantity. Accordingly, it can
be estimated, based on the magnitude of the monitor
injection quantity QM calculated for each fuel injection,
whether the fuel injection correlated with the monitor in-
jection quantity QM is the sub injection in which the cor-
rection equivalent to the micro-injection correction term
H2 is added to the energization time command value Tau
for the injector 14 or the main injection in which the cor-

rection is not added.
[0052] When the monitor injection quantity QM is below
the determination value, it is determined based on the
estimation that the fuel injection correlated with the mon-
itor injection quantity QM is the sub injection. In this case,
the micro-injection correction term H2 is subtracted from
the energization time monitor value INJM for the calcu-
lation of the monitor injection quantity QM, and then the
monitor injection quantity QM is re-calculated by the use
of the energization time monitor value INJM after the sub-
traction. In this manner, the amount of the correction by
the micro-injection correction term H2 is removed from
the monitor injection quantity QM. When the monitor in-
jection quantity QM is at least the determination value, it
is determined that the fuel injection correlated with the
monitor injection quantity QM is the main injection, the
subtraction of the individual difference correction term
H1 from the energization time monitor value INJM for the
calculation of the monitor injection quantity QM is per-
formed whereas the micro-injection correction term H2
is not subtracted from the energization time monitor value
INJM for the calculation of the monitor injection quantity
QM, and then the monitor injection quantity QM is re-
calculated by the use of the energization time monitor
value INJM after the subtraction. In this case, the removal
of the amount of the correction by the micro-injection cor-
rection term H2 from the monitor injection quantity QM
described above is not performed.
[0053] Then, the effect that the correction equivalent
to the micro-injection correction term H2 has on the total
value of the monitor injection quantities QM (total monitor
injection quantity ΣQM) after the removal processing in
one engine cycle does not remain. As a result, an erro-
neous determination of the presence or absence of the
abnormality of the fuel injection quantity control device
that is attributable to the effect is suppressed.
[0054] The following effects are achieved by this em-
bodiment described above. (1) An erroneous determina-
tion result can be suppressed when the presence or ab-
sence of the abnormality of the fuel injection quantity con-
trol device is determined based on the comparison be-
tween the total monitor injection quantity ΣQM and the
required injection quantity Qfin.
[0055] (2) In a case where the sub injection is per-
formed at least twice in one engine cycle, it is even more
difficult to discern whether the monitor injection quantity
QM calculated based on the energization time monitor
value INJM is that pertaining to the main injection or that
pertaining to the sub injection. However, even in such a
situation, the amount of the correction by the micro-in-
jection correction term H2 can be removed from the mon-
itor injection quantity QM based on a determination that
the monitor injection quantity QM is below the determi-
nation value.
[0056] The above-described embodiment can be mod-
ified as follows.

• During the subtraction of the individual difference
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correction term H1 and the micro-injection correction
term H2 from the energization time monitor value
INJM, guard processing may be performed on the
correction terms H1, H2 such that the correction
terms H1, H2 are limited to ranges capable of actually
having the correction terms H1, H2. In this case, the
correction terms H1, H2 can be maintained within
the appropriate ranges through the guard processing
even when the correction terms H1, H2 are subjected
to an abnormality due to a memory error or the like
during the acquisition of the individual difference cor-
rection term H1 and the micro-injection correction
term H2 for the subtraction described above, and
thus the monitoring function of the fuel injection
quantity control device can be intact.

·During the subtraction of the total value of the
undulation correction terms H from the total val-
ue of the monitor injection quantities QM for the
respective injections after the removal process-
ing, guard processing may be performed on the
undulation correction terms H such that the un-
dulation correction terms H are limited to ranges
capable of actually having the correction terms
H. Even in this case, the correction term H1 can
be maintained within an appropriate range
through the guard processing even when the
correction term H is subjected to an abnormality
due to a memory error or the like during the ac-
quisition of the undulation correction term H for
the subtraction described above, and thus the
monitoring function of the fuel injection quantity
control device can be intact.

·The invention may be applied to a case where
only the pilot injection or only the after-injection
is executed as the sub injection.

• The pilot injection may be performed at least twice
or the after-injection may be performed at least twice
in one engine cycle.

·The determination value described above can
be appropriately changed.

• In the embodiment described above, only a case
where the actual fuel injection quantity exceeds the
original quantity is determined as the presence of an
abnormality of the fuel injection quantity control de-
vice. However, if necessary, a case where the actual
fuel injection quantity is smaller than the original
quantity may be determined as the presence of an
abnormality of the fuel injection quantity control de-
vice. For example, the determination of the abnor-
mality can be made based on a determination in Step
S40 in FIG. 6 of whether or not the total monitor in-
jection quantity ΣQM is smaller than the total monitor
injection quantity ΣQM by a margin of at least the

predetermined value α.
• In the embodiment described above, the pause of

the abnormal cylinder is performed as the fail-safe
processing when the abnormality of the fuel injection
quantity control device is confirmed. However, the
content of the fail-safe processing may be modified.

Claims

1. A monitoring device for a fuel injection quantity con-
trol device, the fuel injection quantity control device
including an injector (14) configured to inject a fuel
supplied to an engine and a control unit (20) config-
ured to i) drive the injector, ii) calculate an injection
quantity command value as an amount of the fuel
required to be injected from the injector in one cycle
based on an engine operation state, iii) execute the
injection of the fuel equivalent in amount to the in-
jection quantity command value by energization of
the injector such that the fuel injection is divided into
a main injection and a sub injection and executed,
the sub injection being the injection of the fuel smaller
in amount than the main injection, and iv) add a mi-
cro-injection correction to an energization time com-
mand value for the injector for performing the sub
injection, the monitoring device characterized by
an electronic control unit (21) configured to

i) calculate monitor injection quantities as
amounts of the fuel actually injected by the main
injection and the sub injection based on an en-
ergization time monitor value of the injector for
each of the main injection and the sub injection,
ii) execute a correction processing for the mon-
itor injection quantity such that the amount of
the micro-injection correction is removed from
the monitor injection quantity when the monitor
injection quantity is below a determined deter-
mination value and the removal of the micro-
injection correction amount from the monitor in-
jection quantity is not performed when the mon-
itor injection quantity is equal to or larger than
the determination value, and
iii) determine a presence or absence of an ab-
normality of the fuel injection quantity control de-
vice based on a comparison between a total val-
ue of the monitor injection quantities after the
correction processing in the one cycle of the en-
gine and the injection quantity command value.

2. The monitoring device according to claim 1, char-
acterized in that
the electronic control unit is configured to determine
that the fuel injection quantity control device is ab-
normal based on the total value of the monitor injec-
tion quantities after the correction processing in the
one cycle of the engine and the injection quantity
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command value diverging from each other by a mar-
gin of at least a predetermined value.

3. The monitoring device according to claim 1 or 2,
characterized in that
the control unit is configured to perform the sub in-
jection at least twice in the one cycle of the engine,
and
wherein the control unit is configured to perform the
fuel injection equivalent in amount to the injection
quantity command value by dividing the fuel injection
into the main injection and a plurality of sub injec-
tions.

4. The monitoring device for the fuel injection quantity
control device according to any one of claims 1 to 3,
characterized in that
the electronic control unit is configured to:

i) determine that the monitor injection quantity
pertains to the sub injection when the calculated
monitor injection quantity is below the determi-
nation value, and
ii) determine that the monitor injection quantity
pertains to the main injection when the calculat-
ed monitor injection quantity is equal to or larger
than the determination value.

17 18 



EP 3 045 704 A1

11



EP 3 045 704 A1

12



EP 3 045 704 A1

13



EP 3 045 704 A1

14



EP 3 045 704 A1

15



EP 3 045 704 A1

16



EP 3 045 704 A1

17

5

10

15

20

25

30

35

40

45

50

55



EP 3 045 704 A1

18

5

10

15

20

25

30

35

40

45

50

55



EP 3 045 704 A1

19

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2013238203 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

